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The group consists of about 12 islands and a scatter of reefs with Fanal Island 
(not visited) lying approximately 6 miles S.E. of the main group. The largest, 
Burgess Island, is between f and J ml. long, about i ml. wide and covers approxi- 
mately 400 acres. The relative size of the others in the group can be seen m big. 1. 

II. Geology and Soil 

The rocks are igneous with the exception of a small patch of raised beach 
conglomerate at the landing place. The group is part of a chain of volcanic islands 
and rises to 366ft (112 m.) above sea level at the Burgess Island lighthouse. Burgess 

Figure I 
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Island consists of an extrusive cumulo-dome of glassy rhyolite of late Pliocene age 
surmounted by pyroclastic rocks and intruded by rhyolite dykes and the andesite 
plug on which the lighthouse stands (Fleming, 1950). 

Non-organic soil exposed and eroding on the cliffs is of sandy or gravelly texture 
but most of the island soils have a fair amount of incorporated humus Of15 samples 
tested all were on the acid side of neutral, the pH ranging from 5-2-6-6 (average, 
6-1). Readings are inserted in the appropriate localities on the map in fig. 1. 

III. Rainfall and Exposure 

The annual average rainfall is from 32-33in but only 9in had fallen in 1957 
up to the middle of August and little more was expected, as the summers from 
August onwards are generally dry. In 1956, however, 60in had fallen, the highest 
total since records were first kept by the lighthouse personnel 20 years previously. 

Heavy seas from the Pacific Ocean strike the northern and eastern coasts of the 
island, but a certain amount of protection is afforded in the W. and S. by Northland 
and Great Barrier Island. The exposure suffered is much greater than on the 
forested island of Little Barrier, 20 miles to the S., but Fanal Island supports a 
covering of bush. Nevertheless, the small patches of relict bush on Burgess Island 
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are confined to sheltered, W. facing slopes, suggesting that, once cleared, bush species 
may not readily regenerate in the most exposed situations. Even the most salt- 
tolerant species, pohutukawa (Metrosideros excelsa ), taupata (Coprosma repens) 
and ngaio (Myoporum laetum) showed signs of severe salt scorching more than 
200ft (61 m.) above sea level and a considerable distance from the coast. 

In a recent severe N.W. gale the sea had broken across the low-lying part of 
the island between the Blowhole and the landing beach and transformed the fresh¬ 
water marsh there into a brackish one. The water level rose and all existing foliage 
was killed, regeneration not taking place until several months had elapsed (Smith, 
in lit.). 


IV.— Burning and Grazing History 

The islands were previously inhabited by Maoris, whose descendants return 
annually for the mutton bird harvest. It seems likely that either regenerated or 
original forest remained after Maori occupation; this was probably destroyed 
subsequently by fire rather than by grazing, although both would have contributed 
towards preventing its regeneration (Tohana in lit.). 

There had been no burning for many years when the lighthouse was erected 
in the early 1880s, but the vegetation was quite open (Anderson in lit.). 

An early lighthouse keeper, Sandager, writing in 1889, listed 7 woody species as 
important constituents of the vegetation ( Carmichaelia, Coprosma , Metrosideros 9 
Myoporum , Olearia , Pittosporum and Veronica ), but stated that these were more 
or less scattered and stunted owing to the lack of shelter. In 1957, Olearia and 
Pittosporum were not recorded, Veronica (Hebe) was seen only on the smaller 
ungrazed islands and only 1 tree of Carmichaelia was found on Burgess Island (more 
on the western isles) suggesting a further reduction in woody species during the past 
70 years. 

From at least as early as 1920 the lighthouse keepers grazed stock on Burgess 
Island and burned the vegetation at intervals of approximately three years to keep 
the sedges (Mariscus and Scirpus) in check. In 1932 Trig Island and Maori Bay 
Island in the W. were burned by fishermen (Anderson in lit.) the vegetation having 
regenerated in the subsequent 25 years to a flax ( Phormium) community with 
scattered shrubs. 

It is fairly certain that grass seeds (Paspalum and Stenotaphrum and probably 
also Lolium and Dactylis) were broadcast on Burgess Island after burning (Anderson 
in lit.) and these now occupy a considerable area. 


V.—Vegetation 


1. Species List 


One hundred and twenty-seven species were collected, specimens of all but those 
five marked “§” having been determined in the D.S.I.R., Botany Division, at 
Christchurch. Forty-six per cent of the total flora were introduced spp., these being 
marked ” * ” in the following list. 


A generalised map of the major plant 
more detailed maps and is shown in Fig. 2. 
Cyathea dealbata 
Adiantum aethiopicum 
A. affine 
A. hispidulum 
Pteris tremula 
Pteridium esculentum 


communities has been constructed from 

Histio pteris incisa 
Blechnum ■ norfotkianum 
Doodia media 
Asplenium flaccidum 
A. lucidum 

A. obtusatum . 
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Polystichum richardii 
Pyrrosia serpens 
*Pinus pinaster 
*Paspalum dilatum ? 

P. scrobiculatum 
*Sbenotaphrum secundatum 
Oplismenus undulatifolius 
*Dactylis glomeratus 
*Vulpia myuros 
*Fest>uca rubra 
*Bromus catharticus 
*Briza maxima 
*Eragrostis brownii 
Poa anceps 
*P. annua 
*P. pratensis 
*Agrostis sp. 

Deyeuxia billardieri 
D. sp. 

*Sporobolus capensis 
*Holcus lanatus 
*Aira caryophyllea 
Danthonia racemosa 
D. sp. 

Arundo conspicua 
*Lolium perenne 
Isolepis cernuus 
Scirpus nodosus 
S. sp. 

Carex sp. 

Mariscus ustulatus 
Leptocarpus simplex . 

*Zantedeschia aethiopiea 
Rhipogonum scandens § 

Phormium colensoi 
Arthropodium cirrhatum 
Thelymitra longifolia 
Acianthus sinclairii 
Macropiper excelsum v. psittacorum 
Peperomia urvilleana 
Parietaria debilis 
Muehlenbeckia complexa 
*Rumex crispus 
*R. obtusifolius 
*R. acetosella 
Rhagodia triandra 
Chenopodium allanii 
*C. murale 
Salicornia australis 
*Amaranthus lividus 
*Phytolacca octandra 
Disphyma australe 
Tetragonia trigyna 
*Stellaria media 
*Cerastium glomeratum 
Spergularia media 
*S. rubra § 

*Polycarpon tetraphyllum 


*Silene anglica 
*S. gallica 
*Fumaria muralis 
*Coronopus didymus 
Tillaea sieberiana 
Acaena anserinifolia 
*Lotus corniculatus 
*L. uliginosus 
*Trifolium dubium 
*T. repens § 

*T. pratense 
*T. subterraneum § 
Carmichaelia aligera 
*Vicia satiua 

*Pelargonium quercifolium ? 
Geranium microphyllum ? 

G. dissecbum v. glabratum ? 
Oxalis corniculata § 

*0. stricta 
*Linum marginale 
*Euphorbia peplus 
*Lavatera arborea 
*Malva rotundifolia ? 
*Modiola caroliniana 
Pimelea urvilleana 
Centaurium australe 
Metrosideros excelsa 
Haloragis erecta 
Apium prostratum 
*Anagallis arvensis 
Samolus repens 
Parsonsia heterophylla 
Solanum nigrum 
*S. humile 

Calystegia tuguriorum 
Dichondra repens 
Hebe salicifolia 
*Orobanche minor 
Myoporum laetum 

* Mentha arvensis ? 

*Plantago major 
*P. lanceolata 

Coprosma repens 
C. robusta 
*Galium aperine 
Sicyos angulata 

* Aster subulatus 
*Erigeron floribunda 

Gnaphalium purpureum 
Cassinia retorta 
Cotula australis 
C. coronopifolia 
Senecio lautus 
*Cirsium vulgare 
*Hypochoeris radicata 
*Sonchus oleraceus 
*Crepis sp. 


2. Bush Communities 

Metrosideros excelsa was the most abundant tree species and occurred mainly 
on steep, craggy cliffs where it probably escaped most of the ravages of fire. The 
trees were generally stunted and very different from the tall coastal Metrosideros 
of little Barrier Island which was not only in a more sheltered situation but received 
twice as much annual rainfall (see inset. Fig. 1). 
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Little grew beneath them except where grazing animals prevented regeneration 
of saplings. Here the trees were older and less leafy, with fewer low branches, and 
some had fallen to leave gaps, so that more light penetrated and shade-tolerant 
natives such as Tetragonia trigyna and aliens such as Ddctylis glomerata from the 
pasture had invaded part of the ground beneath (see Fig. 4, transect V). 

On some of the ungrazed western isles not known to have been burned since 
1932, Metrosideros was locally co-dominant with the more generally abundant 
Phormium colensoi 3 suggesting that the species represented a later successional 
phase than the flax and possibly the climatic climax, as on other similarly exposed 
but less modified islands. 

Younger Metrosideros saplings penetrated the dense mats of Stenotaphrum 
secundatum on the northern, ungrazed, face of Lighthouse Hill, so it seemed that 
the previous Phormium stage of the succession could be replaced by an introduced 
species. 

The Metrosideros seldom extended down to sea level, there being normally a 
narrow belt of Myoporum laetum and/or Coprosma repens with Car ex sp., Disphyma 
australe , etc., at its lower margin. Cassinia retorta , a wind-hardy shrub, occurred 
among or above the Metrosideros with Mariscus ustulatus, Scirpus nodosus and 
species of the alien grassland. 

Growth rate was fairly rapid, the Metrosideros among the Stenotaphrum having 
increased in height from 1 m to 2 m in the past 4 years, Coprosma repens planted 
m an inland situation from -75 m to 1 -5 m in the same time (Smith, in lit). 

The only other type of bush community present was a small patch of low mixed 
woodland with no one species dominant, but Myoporum laetum abundant and 
M aero piper excelsum v. psittacorum almost equally so. 

This community occurred in what was probably the most sheltered part of Bur¬ 
gess Island on the W. face of Lighthouse Hill at the junction of the intrusive 
Andesite plug and the raised beach conglomerate behind the landing jetty. The 
more salt-hardy Coprosma repens and Mariscus ustulatus grew at the junction of 
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the bush and the buffalo-grass of the flat across which came winds from the quarter 
with the smallest distance of fetch. Lighthouse Hill gave shelter from winds from 
the Pacific. 

The bush occupied a low steep cliff and the boulders at its foot and was accessible 
to grazing animals which had severely pruned the Macro piper. 

Its preservation as the only inland community of native bush which had escaped 
the depredations of fire and grazing livestock on Burgess Island, suggested that the 
constituent species might be more resistant to these two suppressive factors when 
not having to suffer the added rigours of exposure to the worst salt-bearing winds. 
It is of interest in this connection that the only two stands of Metrosideros surviving 
on grazed parts of Burgess Island were on sheltered W. facing cliffs near the 
Cauldron in the N. and Pohutukawa Gully in the N.W., whereas on the ungrazed 
islands the species occurred also on exposed cliffs. 

The presence of the garden species Viola odorata and Zantedeschia aethiopica 
and the proximity of the old tapu Maori grave in a walled, overgrown garden a 
few hundred yards away, suggested that this sheltered locality, near the only beach 
where it was practicable to make a landing, might have been occupied by a former 
island community. 

With the exception of Blechnum and Pyrrosia, both of which were rare on the 
islands, the following species were recorded only in this mixed bush:— 


Asplenium lucidum 

Blechum norfolkianum 

Pteris tremula 

Pyrrosia serpens 

Oplismenus undulatifolius 

Macro piper excelsum v. psittacorum 


Coprosma robusta 
Haloragis erecta 
Parsonsia heterophylla 
Peperomia urvilleana 
Rhipogonum scandens 
Sicyos angulata 


3. Flax Communities 

All but the lowest of the smaller, ungrazed islands were dominated by Phormium 
colensoi which formed thickets 4-6 ft. (1-2 m.) high and was scarcely penetrable 
in places. Metrosideros excelsa was abundant with it, Cassinia retorta, Carmicliaelia 
aligera and Myoporum laetum frequent and Hebe salicifolia and Muehlenbeckia 
complexa occasional. Important constituents of the ground flora were Arundo 
conspicua , Pimelea urvilleana, Pteridium esculentum and Scirpus nodosus .. 

These outer islands had suffered less modification from human occupation than 
had Burgess Island and the proportion of aliens in the flora was smaller—33% as 
opposed to 48% on Burgess Island. Less time was spent investigating the outer 
islands but this would not wholly account for the fact that less than half as many 
species were recorded there as in the more heterogeneous flora of Burgess Island 
(54 and 121 spp. respectively). 

Isolated flax plants occurred on the more sheltered of the inaccessible cliffs of 
Burgess Island where they found a refuge from grazing animals rather than because 
of their affinity for sea spray. Where not pushed back to this marginal habitat by 
grazing, Phormium preferred slightly more inland situations, giving way to other 
spp. on exposed coasts (see Fig. 2). 

4. Sedge Communities 

The two most important Cyperaceous plants on the islands were Scirpus nodosus 
and Mariscus ustulatus, but an unidentified species of Car ex was locally dominant 
on exposed, ungrazed cliffs. 

a. Scirpus nodosus 

Scirpus nodosus formed dense swards on the northern, western and eastern 
peninsulas of Burgess Island most remote from the centres of human occupation. 
As the latter were approached the Scirpus communities became progressively more 
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open, with European pasture species growing between the tussocks until they 
eventually merged into grass pasture with Scirpus occasional or absent. 

In the extreme W. Pteridium esculentum was co-dominant with the Scirpus 
but this became rare on slopes with an exposed aspect. On E. facing coasts the 
Scirpus became patchier and merged with exposure-tolerant grasses such as Holcus 
lanatus, finally giving way to belts of halophytic species. 

High above sea level on the W. of Trig Island the Scirpus was co-dominant 
with Phormium and it persisted as an important subordinate species in the main 
flax communities of the western isles. 

b. Mariscus ustulatus 

Mariscus ustulatus covered much less ground than Scirpus and occurred mainly 
on fairly wet ground and cliffs. It was sometimes associated with Scirpus or pasture 
plants or formed a belt between these and the Leptocarpus simplex or Disphyma 
australe of the lower cliffs. 

The species was apparently fairly plastic in its water requirements, growing on 
both water-logged flats and well drained slopes. With Leptocarpus simplex and 
Stenotaphrum secundatum it co-dominated the marsh behind the landing bay, but 
gave way to Leptocarpus, Cotula coronopifolia, Isolepis cernuus and grasses in the 
wetter parts of the Cauldron flat which it dominated. 

Very little was seen on the western isles where it may have been unable to compete 
effectively with the ungrazed Phormium of similar but more robust life form. 

c. Leptocarpus simplex 

Leptocarpus simplex (Restionaceae) dominated not only areas with a high 
water table but also a number of well drained cliff areas subjected to heavy spray. 
Its distribution was essentially coastal and the water around its roots was often 
brackish. 

5. Grass Communities 

Grass communities were of two main types, almost pure swards of Stenotaphrum 
secundatum and mixed swards of European grasses and legumes, often associated 
with Scirpus nodusus. They occurred around the centres of human activity viz:— 
the landing jetty, the lighthouse, the keepers’ dwellings and the S.E. block of the 
island which was occupied by an R.N.Z.A.F. camp during the World War II. 

a. Buffalo grass 

The strongly-growing alien Stenotaphrum secundatum occupied the sheltered 
central valley of Burgess Island, and varied from a lawn-like turf a few cm. high 
where stock congregated around water troughs, to dense mats 1 m. thick. This 
last growth habit was that most commonly seen, the top of the mattress-like layer 
being fairly level where subjected to little wind action but undulating, from 15 to 
100 cm. deep where at all windswept, giving local turbulence as in the hummocky 
Holcus lanatus swards of exposed British cliff tops (Goodman and Gillham, 1954). 
Mariscus ustulatus often replaced the Stenotaphrum locally where there was much 
falling spray or where the water table rose above the surface seasonally. The 
Stenotaphrum seemed to approach exposed coasts only in moist areas where falling 
spray was diluted. The dense growth habit of the plant, however, rendered it 
fairly immune to spray damage because there were always young shoots pushing 
up through the protective mat of old ones which might suffer damage in salt storms. 

The aggressive growth of the dominant excluded most subordinates and the 
purity of the swards is illustrated in the accompanying table where Stenotaphrum 
is seen to form an average ground cover of 94%. 
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The community was an essentially alien one, native plants competing poorly 
and occupying only 1% of the area analysed. It was probably maintained as such 
by seasonal grazing but, even after c 70 years free from grazing, native species were 
slow in becoming established. 


FLORISTIC ANALYSIS OF TWO BUFFALO G RASS COMMUNITIES. 

Data from 40 1 m Valance Squares at Six-pace Intervals Across the Flat Behind the 
Landing Beach and the Central Valley. 


Species 


Percentage Ground Cover 
Landing Flat Central Valley 


Average 


*Stenotaphrum secundatum 
*Dactylis glomerata 
*Holcus lanatus 
*Cirsium vulgare 
Carex sp. 

Muehlenbeckia complexa 
*Rumex crispus 
Mariscus ustulatus 
Scirpus nodosus 
*Plantago lanceolata 
Geranium dissectum v. glabratum 
*Vicia sativa 
Oxalis corniculata 
*Sonchus oleraceus 


96.00 

91.80 

93.90 

2.45 

3.60 

3.03 

0.35 

1.40 

0.88 

_ 

1.25 

0.63 

_ 

0.60 

0.30 

0.55 

— 

0.28 

_ 

0.55 

0.28 

0.40 

— 

0.20 

0.10 

0.30 

0.20 

_ 

0.25 

0.13 

_ 

0.15 

0.07 

0.10 

0.05 

0.07 

0.05 

— 

0.02 

— 

0.05 

0.02 


No. of Species 

8 

11 

14 

Per cent ground cover of aliens 

98.90 

98.95 

98.93 

Per cent ground cover of natives 

1.10 

1.05 

1.07 


(b) European Pasture Species 

European pasture plants and the American Bromus catharticus had a central 
and south-easterly distribution and formed mixed communities in which the 
dominant species were kept in check by grazing so that invasion by native plants 
was not uncommon. 

The four most constantly recurring dominants were Dactylis glomerata , Holcus 
lanatus , Lolium perenne and Lotus uliginosus with Sporobolus capensis and Bromus 
catharticus rising to local dominance. Plantago lanceolata , Trifolium dubium and 
T. repens were fairly characteristic. 

The most successful native invader was Scirpus nodosus 3 and one of the last 
of the pasture dominants to be choked out by it was Dactylis —a species which also 
survived quite severe shading by Metrosideros excelsa. 

Other native components of the pasture possessing the advantage of height 
were Mariscus ustulatus and Pteridium esculentum , the latter avoiding the more 
exposed areas. Muehlenbeckia complexa straggled prolifically over the grasses on 
windswept slopes and considerable areas were dominated by creeping Dichondra 
repens which competed particularly well in moist hollows on shallow. soils. The 
shade-tolerant Adiantum aethiopicum was widespread and characteristic where 
protected by taller plants. 

The range of species was wider than in any other community and included a 
high proportion of hemicryptophytes. 

Introduced pasture plants were rare on the ungrazed western isles, occupying 
only about 1% of the total area but numbering 33% of the species recorded—i.e., 
it was likely to be competition with more aggressive natives rather than lack of 
disseminules which kept them in check there. 


Gillham —Plant Communities of the Mokohinau Islands 87 

6. Coastal Communities 

Species rising to local dominance on the cliffs included Carex sp., Cassinia retorta, 
Coprosma repens, Disphyma australe, Leptocarpus simplex, Mariscus ustulatus, 
Metrosideros excelsa, Myoporum laetum, Phormium colensoi and Samolus repens . 
Some of these were likely to have been more widespread in the past, but had 
retreated to the coastal habitat on Burgess Island as a result of grazing and burning. 
Chief in this category were Metrosideros and Phormium’, less abundant were 
Arthropodium cirrhatum, Carex, Cassinia and some of the ferns. 

Muehlenbeckia complexa formed a 98% cover over the boulders of the landing 
beach, 12 other species occurring sparsely among the 15-30 cm high shots. A 
discontinuous belt of Mariscus ustulatus and European pasture occupied the inland 
slope of the beach and the slight hollow behind, but in areas not too exposed 
to salt spray, the Stenotaphrum secundatum of the flat behind invaded the boulders. 
Muehlenbeckia reappeared with Dichondra repens where boulders overlay parts of 
the conglomerate flat (see Fig. 4, transect V). 

For details of coast vegetation see Figs. 3, 4, 5, and 6. 

7. Aquatic Communities 

Small brackish pools occurred on various parts of the coast, the six most char¬ 
acteristic species of these being an unusual submerged attenuated form of Disphyma 
australe, Cotula coronopifolia, Isolepis cernuus, Leptocarpus simplex, Salicornia 
australis and Samolus repens. 

With decreasing salt content Mariscus ustulatus and finally others such as 
Deyeuxia sp., Holcus lanatus, Lotus uliginosus and Stenotaphrum secundatum 
became important. 

Leptocarpus, Mariscus and Stenotaphrum were co-dominant of the marsh S. 
of the Blowhole which was sometimes fresh and sometimes brackish. All seemed 
fairly plastic as regards water requirements and grew freely in both wet and dry 
habitats, but Leptocarpus appeared to tolerate the greatest submergence of its shoot 
bases, Stenotaphrum the least. 

In spite of the dryness of the year the depth of water averaged 15-20 cm here 
in places in August, 1957, but no freshwater hydrophytes were recorded—all the 
marsh species being mesophytes, mostly from the surrounding pasture and tracks. 

Streams that were little more than seepages occurred on the N. and S.E. coasts, 
and plant zonation from their seaward ends is shown in Fig. 3. 

VI. Plant Zonation in Relation to Exposure 

Fig. 2 shows the prevalence of coastal belts of halophytes on cliffs with a N.E. 
aspect. On more sheltered S.W. cliffs these belts are too narrow to be included 
on the vegetation map but the western cliffs of Trig Island were not explored, so 
the omission of coastal belts there may be of no significance. 

Zonation from the sea upwards on the E. coast of Trig Island where the situation 
was uncomplicated by grazing was as follows: — 

1. Disphyma australe. A narrow discontinuous strip descending to 3-12 m 
above sea level, depending on the local topography and exposure. 

2. Carex sp. Drooping clumps occupying crevices in the Disphyma zone or 
on vertical faces higher up where there was roothold for little else. 

3. Myoporum laetum. Dense thickets seldom more than 1 m high on steep 
slopes; sometimes descending to the lower limit of land vegetation, but apparently 
less spray-tolerant than Disphyma or Carex. Mostly pure but with patches of these 
2 spp., Coprosma repens and Phormium colensoi. 

4 (a). Phormium colensoi. Dominant of the main slopes with patches of 
Myoporum in the lower part, Metrosideros excelsa and other spp. in the upper part. 



88 


Transactions 



I SHORT STREAM NEAR CAULDRON IN N- 
2 FT. SQS. 


H. DRIER GROUND BESIDE TRANSECT I 
2 FT. SQS. 


STENOTAPHRUM SECUNDATUM 


HI. STREAM IN S£. RECTANGLES 9 FT 
X 3 FT. OMITTING BARE GROUND {80°/,; 


30 60 90 

SCALE IN FEET 
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(b). Metrosideros excelsa. Dominant on the steeper more broken cliffs at this 
level. 

5. Muehlenbeckia complexa and Scripus nodosus co-dominant with the 
Phormium on windswept crests and Pteridium esculentum co-dominant in local 
shelter. Arunda conspicua and Myoporum quite common. 

Leptocarpus simplex frequently replaced some of the Disphyma zone near sea 
level on the other S.W. islands or on cliff edges 50-80 m high in the N. and E. 
Other salt marsh plants found 70 m or more above sea level on the N. and E. coasts 
were Salicornia australis, Samolus repens, Spergularia media, Cotula coronopifolia 
and Isolepis cernuus , the roots of the last two penetrating the dung pellets of sheep 
in the rockier situations. 

Coprosma repens seemed to be the most exposure-tolerant of the shrubs, as on 
islands of Cook Strait and Bass Strait (Gillham, 1960b). The leaves of Myoporum 
laetum suffered severe salt-scorching in almost all localities, but the plants as a 
A'hole, though stunted, survived to cover considerable areas. Where the Myoporum 
was damaged so also were mesophytes such as Plantago lanceolata and some of the 
native and alien pasture grasses. 

Soon after the mat of Stenotaphrum secundatum had been cut away from 
around the Metrosideros excelsa saplings on Lighthouse Hill the leaves of the young 
trees suffered severe salt damage in a bad storm, although growing much further 
from the coast than was normal (Smith, in lit.) A less xeromorphic leaf type than 
usual, formed in the shelter of the Stenotaphrum, may have contributed to the 
plants’ susceptibility. 

Fig. 4 shows zonation of plants in three coastal areas; the boulder beach near 
the Burgess Island landing, the cliffs of Pohutukawa Gully in the N.W. of Burgess 
Island and a lower-lying Metrosideros community in the N.E. of Maori Bay Island. 

Fig. 5 shows cliff zonation in four other localities: transect VII from Disphyma 
through the alien Dactylis, Lotus and Holcus to pasture containing native Muehlen¬ 
beckia, Oxalis and Dichondra: transect VIII from Disphyma through the alien 
Lotus, Lolium and Holcus to the native Scirpus: transect IX from Disphyma 
through Lotus, Holcus and the native Leptocarpus and Pimelea to Cassinia scrub: 
transect X from Myoporum, Disphyma and Arundo through Pimelea and Muehlen¬ 
beckia to Phormium , Scirpus and Carmichaelia with aliens unimportant (see Fig. 1 
for localities). 

VII. Relationship of Vegetation and Grazing Animals 
1. Grazing 

In August, 1957, Burgess Island supported a small herd of about 12 dairy cattle, 
a herd of feral goats numbering not more than about 30, and a few pigs, the sheep 
having been removed the previous March. 

The goats lived mainly on the N.E. segment of the island, which was accessible 
only by a narrow isthmus and not visited by the cattle, but they made occasional 
sorties along the northern cliffs to the W. Some of the cattle were pastured on the 
European grasses between here and the lighthouse, one of the bulls shared the 
central of the five northern peninsulas with the pigs and the milking cows had the 
run of the rest of the island except for part of the inland face of Lighthouse Hill. 

During the winter, the dairy cows fed mainly at night, resting on the Steno¬ 
taphrum of the “ home paddock ” during the day but grazing very little. After the 
evening milking they drank at the troughs in the Stenotaphrum of the landing flat, 
then dispersed W., N.W., and S.E. to the areas occupied by European pasture spp. 
and Scirpus nodosus. They grazed their way outwards, eating the grasses and 
legumes and reaching towards the edge of the more peripheral zones of pure Scirpus 
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Fig . 4.—IV—Landing Beach, S. Burgess Island. Transect across low boulder bank from 
c 2 m above sea level. Muehlenbeckia on boulders, Mariscus, Holcus and Dactylis in dip 
behind, Stenotaphrum on inland flat. V—Pohutukawa Gully, N.W. Burgess Island. Transect 
up steep cliff from c. 11 m above sea level. Note effect of shading on Scirpus , Dactylis and 
Tetragonia and of shelter from sea winds on Pteridium. Of three shrubs Coprosma occurs 
nearest the source of salt spray, then Myoporum, then Metrosideros. VI E. of Maori Bay 
Island. Transect up gradual slope from c. 3 m above sea-level (ungrazed). Phormium most 
important at seaward margin of Metrosideros; Cassinia close to sea level in shelter of taller trees. 
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but seldom entering them. (Owing to the small scale of the accompanying vegeta¬ 
tion map, most of this area is shown as Scirpetum but the Scirpus was only apparently 
dominant in the proximal areas because of its greater height, the pasture spp. 
covering more ground.) Scirpus is eaten by cattle under conditions of heavy stock¬ 
ing, but they prefer European grasses and legumes where these are available, keep¬ 
ing the Scirpus down only in the proximal part of the feeding ground. The zonation 
of the relatively unpalatable plant in the presence of more palatable ones is paralleled 
in Britain by the zoning of Car ex arenaria and Calluna vulgaris around rabbit 
burrows (Gillham, 1955). With both light grazing and no grazing, the Scirpus 
has the competitive advantage of greater height, but its growth habit renders it more 
susceptible to heavy grazing than are the hemicryptophytic pasture species. 

With the advance of summer the more palatable, winter-green, European spp. 
withered and the cattle grazed the summer-green Stenotaphrum (which consisted 
mainly of old straw-coloured shoots in winter). They had little adverse effect on 
this, however, and there was small difference between the buffalo grass sward of 
the Landing Flat to which they had access and that on the N. face of Lighthouse 
Hill from which they had been excluded for c. 70 years, except that the latter com¬ 
munity was less pure and contained more tall native spp. 

In the central valley where the cattle spent much of their “ waiting time , the 
Stenotaphrum mattress was lower and less dense with a slightly higher proportion 
of subordinate spp. (compare two areas in the accompanying table). The purity 
of the sward on the Landing Flat was maintained against the tall invaders seen 
on Lighthouse Hill by light seasonal grazing, but heavier grazing, as in the Central 
Valley, suppressed the more resistant dominant sufficiently for smaller plants to 
appear in the sward. 

The sheep had formerly occupied the W. of Burgess Island, where their dung 
was still in evidence but where native plants were beginning to invade the previously 
grazed pasture. Cattle and goats seldom penetrated to this end of the island. 

Two successions are postulated for the return to bush from the winter and 
summer pastures with the cessation of grazing. 

(a) Overgrazed: Holcus lanatus y Plantago lanceolata , etc. 

Medium Grazing: Dactylis glomeratus , Lolium perenne y Bromus catharticus 3 
Lotus spp. etc. 

Light Grazing:The above with Scirpus nodosus and Muehlenbeckia complexa. 

Cessation of Grazing: Dense Stenotaphrum retaining dominance, being in- 

Later Stage: Phormium colensoi , Cassinia retorta , Arundo conspicua and young 
Metrosideros excelsa. 

Final Stage ? : Metrosideros and other shrubs. 

Four vegetation phases illustrating this succession are shown in Fig. 5, transects 

vn-x. 

(b) Overgrazed: Low Stenotaphrum secundatum with Dactylis , Holcus y Cirsium 
vulgare and other alien spp. 

Medium-light Grazing: Dense Stenotaphrum almost pure. 

Cessation of Grazing: Dense Stenotaphrum retaining dominance, being in¬ 
vaded by Pteridium , Scirpus , Cassinia , Metrosideros and Muehlenbeckia. 

Final Stage: Metrosideros and other shrubs.. 

2. Trampling. 

On the broad track through the Stenotaphrum community Poa annua was co¬ 
dominant with the Stenotaphrum and Polycarpon tetraphyllum was frequent. 
Eighty-six per cent of the 28 spp. recorded were aliens. 
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Figure 5 

VEGETATION IN RELATION TO GRAZING 
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Fig. 5._Percentage cover data from 4 belt transects (VII, VIII, IX and X), leading mland 

from the cliff edge in areas subjected to heavymedium, light and no grazing. (See Fig. 1 

for localities.) 
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*Poa annua 

*Stenotaphrum secundatum 
*Polycarpon tetraphyllum 
*Agrostis tenuis ? 
*Coronopus didymus 
Cotula australis 
*Erigeron floribunda 
*Lolium perenne 
*Lotus corniculatus 
Senecio lautus 
*Sporobolus capensis 
*Spergularia rubra 
*Anagallis arvensis 
Calystegia tuguriorum 


c.d. *Cirsium vulgare 

c.d. Cotula coronopifolia 

f. *Holcus lanatus 

o. *Malva rotundifolia 

o. *Modiola caroliniana 

o. *Plantago lanceolata 

o. *P. major 

O. *Rumex acetosella 

o. *R. crispus 

o. *R. obtusifolius 

o. *Silene anglica 

r.-o. *Stellaria media 

r. *Trifolium dubium 

*Vicia sativa 


{jaiystegia tuguriorum r. ** 

Where livestock converged on a gateway across the narrow neck of land N.N.h. 
of the lighthouse the ground was 75% bare, even during the moist winter season. 
The three natives, Dichondra repens, Disphyma australe and Senecio lautus were 
the most abundant species in this more maritime environment and only 61% of 
the 18 spp. recorded were aliens. 

Of the 18 spp. growing among the short trampled Stenotaphrum around the 


water troughs all were aliens. 

Species surviving trampling were all of low growth habit and many were hemi- 
cryptophytes, those normally having tall inflorescences (e.g., Cirsium , Erigeron and 
Rumex) producing either stunted ones or none at all. 


3. Manuring 


Species stimulated to robust growth on the heavily dunged soil around the stock- 
yard were Amaranthus lividus 3 Chenopodium murale , Malva rotundifolia ?, Modiola 
caroliniana and Phytolacca octandra —all aliens. 

A characteristic seedling flora occurred on each of the many patches of cow dung 
along the top of the boulder beach. It had nothing in common with the Muehlen- 
beckietum of the community as a whole and the seeds had probably arrived with 
the dung and germinated more or less simultaneously to give an even stand a few 
cm high. Ninety-one per cent were aliens (unless Geranium dissectum be regarded 
as cosmopolitan) although only 40% of the beach spp. were alien: 


*Agrostis tenuis ? 

* Geranium dissectum 
*Holcus lanatus 
*Lolium perenne 
*Lotus corniculatus 


Oxalis corniculata 
*Poa annua 
*Stellaria media 
*Vicia sativa 


VIII. Gull Colonies 

Mokohinau was described by Fleming (1946) as the chief breeding place of 
the red-billed gull ( Larus novae-hollandiae ) in the North Auckland area apart from 
the Three Kings Islands. He estimated the 1944 population as consisting of 
approximately 8,000 birds; Buddie (1947a) estimated the 1945 population as 
18,000-20,000 birds, of which 13,000 were breeding. 

The gulls were resident on the island from the end of August until March. 
Thus for about seven months each year certain areas of vegetation were subjected 
ro trampling and disturbance and their floristic composition modified accordingly. 
During the intervening five months, which coincided with the moister. winter 
growing season, there was considerable regeneration of an annual flora which was 
largely destroyed when the birds returned in early spring. There was, in addition, 
more permanent regeneration in vacated areas due to local changes of nesting site 
from year to year. 

For the years 1944 and 1957 nesting colonies are plotted in Fig. 1, and a 
$.W. coast site occupied in 1936 (Buddie, 1947b) but not necessarily representing 
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the entire population, is also included. Buddie reported considerable variations in 
nesting sites between 1944 and 1945, with some of the northern colonies enlarging 
and coalescing. 

The vegetation able to perennate in the gull colonies throughout the breeding 
season was largely halophytic and Disphyma australe was particularly characteristic, 
covering large areas up to and above 60 m above sea level on the northern cliffs 
where the gulls were numerous. This species was equally characteristic of other 
types of seabird colonies in New Zealand and S.E. Australia (Gillham, 1960a). 
In many colonies Disphyma formed a continuous mat broken only by circular patches 
where nests had been built on top of it. The nest material had dispersed by the 
time the birds returned in the subsequent year and the patches were still largely 
bare, but tentative colonisation by the following species had occurred:— 


*Bromus catharticus 
Chenopodium allani 
Cotula australis 
*Dactylis glomerata 
Parietaria debilis 


Rhagodia triandra 
Senecio lautus 
*Sonchus oleraceus 
*Stellaria media 

Tillaea sieberiana 


Mariscus ustulatus survived well in the gull colonies but Scirpus nodosus was 
much less conspicuous, although often dominant of the surrounding terrain. 

Floristic composition of the gull vegetation was analysed by means of valence 
squares and transects, and the results are summarised in Fig. 6. The analyses were 
carried out when the cyclic succession had reached its most advanced state—at 
the end of the growth period when the birds were returning in the latter part of 
August to initiate the destructive phase. 

The native halophytes, Disphyma australe and Senecio lautus were the most 
constant species, showing 76% and 74% frequency in 130 valence squares and 
86% and 82% frequency in the 50 squares of the two belt transects. Bromus 
catharticus (44% and 48% frequency) was the most characteristic of the aliens 
(cf. tern and gannet colonies of New Zealand and Australia, Gillham, 1960a). 

Many of the European pasture species appeared to benefit from the enhanced 
fertility of the gull colonies in the less exposed areas (4-8 in Fig. 6) but the American 
Buffalo grass seldom occurred in nesting colonies. A lush growth of Parietaria 
debilis was typical of well manured crevices but was rare away from the gulls on 
Mokohinau (although growing as a boulder beach species on Little Barrier and a 
woodland species on Bass Strait islands). 

A vacated black-backed gull’s nest ( Larus dominicanus) in a Metrosideros- 
Phormium community was occupied by lush Tetragonia trigyna with Asplenium 
flaccidum, Bromus catharticus, Chenopodium allani, Stellaria media and Trifolium 


repens. 


IX. Petrel Colonies 

The grey-faced petrel ( Pterodroma macroptera) is the most abundant burrowing 
bird of the Mokohinau group. No attempt has been made to estimate its numbers, 
but Buddie (1947a) states that it is well distributed over all the islands, particularly 
the three western ones. This is the northern mutton bird, and 3,000-3,500 chicks 
are taken annually by Maoris during the early part of December (Sandager, 1889, 
and Buddie, 1947a); a large proportion of the catch at present comes from Fanal 
Island. Burgess Island colonies are mapped in Fig. 1, but no survey was made 
on the western islands, only those burrows seen at the head of Maori Bay being 
indicated on the map. 

As long as the soil was of sufficient depth and suitable texture for burrowing, 
the petrels seemed little concerned as to what plants they burrowed among, and 
the 11 areas investigated were occupied by 11 different plant communities, ranging 
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Figure 6 

VEGETATION OF RED BILLED GULL COLONIES 
August 1957 
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Fig. 6.—Left—Percentage frequency analysis of plants in 8 gull colonies in approximate order 
of decreasing exposure to sea spray. Data from 130 half metre valence squares. (1-8). 
Right—Percentage cover analysis in gull colonies approximately 30 m and 60 m above sea- 
level. Data from two belt transects (XI and XII) 1 x 25 m. (See Fig. 1 for localities.) 


from open-floored bush through closely grazed grassland to dense tussock and scrub. 

The petrels seemed undeterred by soil mobility and burrowed in the steep slope 
of a cliff rubbish tip between the lightkeepers’ houses and the Cauldron, where loose 
earth was liable to slide down and block the entrances. 

In closely grazed pastures to the E. few burrows occurred in level areas, due 
probably to consolidation of the humus-rich loam by the trampling of cattle and 
goats. (The commercial mutton bird of S.E. Australia (Puffinus tenuirostris) is 
able to burrow in cattle pasture but has been seen to do so only on sandy soils 
where the large size of the sand grains ensures large air spaces between and renders 
the consolidation of the soil to the point where birds cannot burrow impossible. 
Collapse of burrow roofs due to treading through by cattle causes only temporary 
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Figure 7 

VEGETATION OF GREY-FACED PETREL COLONIES 
Percentage frequency of plants in 80 burrow entrances from 4 localities. August 1957 
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Fig. 7.—1 —Scirpetum W. of Burgess Island landing. (15 burrows.) 2— Holcus/Bromus 
pasture E. of Burgess Island Cauldron. (50 burrows.) 3 —Metrosideros bush, N.W. Burgess 
Island. (10 burrows.) 4— Phormium/Myoporum cliff, N. Maori Bay Island. (5 burrows.) 

(Localities 9-12, Fig. 1.) 

damage, the birds reopening or lengthening the burrows unless prevented by adjacent 
rocks). 

In the Mokohinau pastures the burrows occurred chiefly on the slopes, where 
the surface was “ terraced 55 by more or less horizontal stock tracks. They pene¬ 
trated the steep or vertical banks—sometimes of bare earth—a little distance below 
the compressed soil of the track above. Where they occurred on the flat they 
generally went beneath boulders where stock had no effect on soil texture. 

Where a choice of site is available, mutton birds often prefer to burrow on 
sloping rather than flat areas because of the ease of taking off, but they did not 
shim flat areas on Mokohinau where there were stout tussocks, tree roots or boulders 
to give protection from trampling. 

Most of the less modified but few of the more modified areas of Burgess Island 
had their quota of petrels, in spite of the hazards of getting strung up in the branches 
of the bush dominants. This distribution suggests that the introduction of stock 
may have limited the area available to the birds as it has to the dove petrels of 
Stephens Island, in Cook Strait. 

Periodic fires may also have restricted their range, birds not having returned 
to burrow in the destroyed flax community of Maori Bay Island until several years 
after the 1932 fire when the flax had grown up again (Anderson, in lit.). Burning 
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of tussock grass rookeries in the season when the birds are not in residence, as 
practised by the commercial mutton-birders of S.E. Australia, seems not to harm 
the birds there, however, unless soil depth becomes insufficient for burrowing during 
the surface erosion which almost inevitably follows the fire. 

The 11 types of habitat in which grey-faced petrels were found breeding on 
Mokohinau were as follows:— 

(a) Cliff Rubbish Tip. 

No rubbish had been tipped over the cliff at this point for five years, and slips 
of organic-rich topsoil from above had covered much of the debris of former years. 
Plant colonisation was occurring but no species had yet assumed dominance. There 
was no local floristic change in the vicinity of burrow entrances, the whole com¬ 
munity being still in the early serai stages associated with disturbed soil near burrows. 
Sixty-eight per cent of the 28 species recorded were aliens. 

(b) Older Rubbish Tip. 

This tip had not been used as such for many years, and 30-40 cm of soil overlay 
the old saucers and tins which the birds were exposing by their burrowing. The 
whole area had been over-run by a dense cover of *Stenotaphrum secundatum 
which allowed growth of no subordinate species, and the only floristic difference 
in the burrow entrances was the presence of Senecio lautus seedlings. This was the 
only place where petrels burrowed in buffalo grass, and it seemed likely that the 
burrows had been present when the community was in the earlier successional phase 
seen in the more recent rubbish tip and had been kept open as the grass grew round 
them, as vegetation less dense than this was known to hinder the burrowing of birds 
elsewhere. 

(c) Inland Cave 

A bird was found incubating an egg on the earth floor of a cave at the junction 
of the Burgess Island Andesite and Conglomerate in an unusually high light 
intensity 3 m from the cave entrance. No attempt had been made to burrow. 
The entrance was c. 1-2 m high, just under 1 m broad and festooned with Blechnum 
norfolkianum. 

(d) Metrosideros Bush. 

Burrows beneath the trees of Pohutukawa Gully (N.W. Burgess Island) pene¬ 
trated mainly beneath tree roots or boulders. Much of the area was bare, but 
there was a slight increase of plant growth in the fertile soil of the burrow entrances 
and *Solanum humile and S. nigrum were found only there. Thirteen species were 
found in 10 entrances, *Dactylis glomerata having a 60% frequency, Tetragonia 
trigyna and Senecio lautus 40% (valence 3, Fig. 7). 

(e) Myoporum-Macropiper Bush. 

There was little change of vegetation in the burrow entrances in this type of 
bush, but the following six species were fairly characteristic. 

*Galium aperine , *Solanum spp., *Sonchus oleraceus f *Stellaria media and 
Parietaria debilis. 

(f) Mixed Pasture Community 

*Holcus lanatus and *Bromus catharticus were co-dominant of the extensive 
pasture rookery E. of the Cauldron with *Dactylis glomeratus and Mariscus ustulatus 
occasional in the W. and locally dominant in the E. Distribution of burrows between 
stock tracks has been mentioned earlier, and most of the outcropping boulders 
sheltered two or three burrows. The flora of 50 burrow entrances was listed 
(valence 2, Fig. 7) and *Dactylis and *Bromus were found to be the most constant 
species with *Stellaria media third in importance although not a generally distributed 
pasture species. 65% of the burrow species were aliens. 
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(g) Scirpus Community . 

Burrows penetrated beneath Scirpus nodosus clumps W. of the landing, their 

entrances partially concealed among the dense foliage but often advertised by 
characteristic coprophiles such as *Solanum and *Sonchus oleraceus. These two, 
*Dactylis and * Lotus spp. were the most constant in burrow entrances and 78 70 
of 18 species in 15 entrances were aliens (valence 1, Fig. 7). 

(h) Mariscus-Pteridium Community . v 

Burrow entrances beneath the Mariscus ustulatus and Ptendium esculentum L. 

of (f) were deeply shaded and usually bare. The rookery was on a steep, seaward- 
facing slope, so birds could take off without having to travel long distances through 
or over the dense plant cover. 

(i) Phormium Community 

Petrels burrowed beneath Phormium colens oi and Car ex clumps on the Maori 
Bay cliffs. Eighty-seven per cent of the entrance species were alien, although the 
community as a whole was essentially native (valence 4, Fig. 7). 

(j) Myoporum Scrub . , ,, , , ,1 

Burrows had been dug beneath low, wind-trimmed Myoporum laetum on the 

cliffs of Maori Bay. 

(k) Disphyma Community 

Several abortive attempts to burrow had been made m one of the JN. coast 
Disphyma australe swards but all excavations had been abandoned due to insufficient 

soil depth. . . 

About 500 pairs of white-faced storm petrels (Pelagodroma marina) were 
recorded on Lizard I. by Buddie, 1947a. These nested close to sea level, whilst 
shearwaters ( Puffinus assimilis and P. gavia) (Turbott, personal communication) 
burrowed among the roots of Myporum and Mariscus on the same islet. 


Acknowledgments 

My thanks are due to the Government Marine Department for provision of 
boat transport and permission to stay at the Mokohinau lighthouse, to the University 
of New Zealand for a research grant, to the D.S.I.R. Botany Division for the identifi¬ 
cation of specimens, to Miss Ann Smith, Messrs. Ivan Anderson and Henare Tohana 
and Principal Keeper Smith for information, and Mr. Graham Turbott for criticising 
the manuscript. 


References 

Buddle G. A., 1947a. Notes on the Birds of Mokohinau. N.Z. Bird Notes . 2. 4. 69-70. 

_1 1947b Breeding of the Red-billed Gull. N.Z. Bird Notes. 2. 4. 71-72. 

Fleming C A., 1946. Breeding of the Red-billed Gull; a Preliminary Census of the Moko¬ 
hinau Colony. N.Z. Bird Notes. 2. 27-29. 4 n . „ 

Fleming C. A., 1950. The Geology of the Mokohinau Islands, North Auckland. Trans. Hoy 
’Soc . N.Z. 78, 255-268. „ r ^ . , 

Gillham M E 1955. Ecology of the Pembrokeshire Islands. III. Effect of Grazing on the 
Vegetation. /. Ecol. 43. 1. 172—206. p 

1960a. Vegetation of Tern and Gannet Colonies m Northern New Zealand. Froc. 


Roy. Soc. N.Z. (in course of publication). 

1960b. Vegetation of Little Brother Island, Cook Strait, in Relation to 


Spray- 


_ 1960b Vegetation ot lattie orotner isianu, on ait, m ^ 

bearing Winds, Soil Salinity and pH. Froc. Roy. Soc. N.Z. (in course of publication). 
Goodman, G. T. and Gillham, M. E., 1953. Ecology of the Pembrokeshire Islands. II. Skok- 
holm, Environment and Vegetation. ]. Ecol. 42. 2. 296-327. 

Sandager F. 1889. Observations on the Mokohinau Islands and the Birds which Visit I hem. 
Trans. & Froc. N.Z. Inst. XXII. 286—294. 


Mary E. Gillham, Ph.D., B.Sc., 
209 Gunnersbury Park, 

Ealing, London, W.5., 

England. 



Riblet Frequency as a Taxonomic Character in New Zealand 
Terrestrial Mollusca 


By R. A. Cumber 
[Received by the Editor, July 6, 1959.] 

Abstract 

Riblet frequency in single populations of Charopa coma (Gray), Fectola tapirina 
(Hutton), Cavellia biconcava (Pfeiffer), Ptychodon hunuaensis Suter, Allodiscus 
tullia (Gray), Suteria ide (Gray), and in two widely separated populations of Phena- 
cohelix ponsonbyi (Suter), has been studied to ascertain the extent of variation 
within post-nuclear whorls and levels of correlation between such whorls (Charopidae 
and Flaramulinidae). In all species studied the standard deviation is lowest in the 
first post-nuclear whorl and rises sharply in the second. With^ one exception there 
is a further but often less pronounced rise in the third whorl. Significant correlations 
between whorls are most frequent in the case of whorls two and three.. The second 
and third post-nuclear whorls appear to be of comparable value in determining popula¬ 
tion statistics, but there are other factors which favour the use of the former. 

Introduction 

Riblet orientation, form, definition, and frequency, both in the protoconch and 
post-nuclear whorls are variable characters of major importance in the systematics 
of our terrestrial Mollusca. Frequency is commonly employed at the species and 
sub-species levels (Suter, 1913). 

The present investigation was carried out to ascertain whether any general 
principles apply with regard to the relative variability of riblet frequency in post- 
nuclear whorls. The use of whorls based on post-eclosion growth (especially of the 
second post-nuclear whorl) has a number of advantages, but before accepting this 
it seemed desirable to examine riblet frequency variation in representative species 
of a number of the genera concerned. 


Method 

Riblet counts in post-nuclear whorls were made on single populations of 3 flam- 
mulinid and 4 charopid species belonging to 7 genera. Delimitation of whorls was 
determined by tracing ribs between sutures rather than by strictly radial means. The 
selection of the species depended solely on the adequacy of samples available in the 
author’s collection. 


Results 

The information in respect of each species may be summarized as follows: 
Allodiscus tullia (Gray) (Flammulinidae) Rimutaka Range, 28.1.40. 

Whorl 1 9 

No. of Observations 
Range in No. Riblets 
Mean 

Standard Error of Mean 
Standard Deviation 
Coefficient of Variation 
Correlation Coefficients 


30 

30 

30 

55-66 

69-94 

100-130 

59.7 

80.0 

111.8 

±0.5 

±1.3 

±1.6 

2.59 

6.86 

8.63 

4.4% 

8.6% 

7.7% 

1, 2 

—0.130 

NS 

1,3 

+0.067 

NS 

2,3 

+0.723 
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